Six French ferns were investigated for volatile organic compounds (VOC) by GC-MS using organic solvent extraction. Seventy-seven VOC biosynthesized from the shikimic, lipidic and terpenic pathways, including isoprenoid derivatives, were identified from these putative natural resources. Asplenium trichomanes subsp. trichomanes contained mainly polyketides with an oily or waxy odor. (E)-2-Hexenal and (Z)-3-hexenol, responsible for the "green odor", were found in high contents in Polystichum setiferum, Dryopteris dilatata and Phegopteris connectilis. In the last, 7.4% of coumarin with a cut hay scent was highlighted from the volatile fraction. (E)-3-Hexenoic acid and (E)-2-hexenoic acid, both with herbal and fruity notes, were identified in Gymnocarpium dryopteris and Pteridium aquilinum. 1-Octen-3-ol, well-known for its mushroom-like odor, was abundant in all analyzed French ferns. While the "fougère" fragrance is claimed by the perfumers to be a fantasy scent, coumarin, (E)-2-hexenal, (Z)-3-hexenol and 1-octen-3-ol are the main odorous components of the perfumes belonging to the fougère accord family. This suggests that the fougère scent from the perfumers' imagination is a natural fragrance.
Ferns and fern allies (Monilophytes and Lycophytes [1a,1b] ) are widely distributed in France due to the geological variety of soils, different climatic interactions, contrasted altitudes and various ecosystems. Indeed, there are over one hundred species of native ferns and fern allies in mainland France [1c] . In this way the French fern flora shows a great biodiversity of volatile organic compounds (VOC) [1d] . These plants have given perfumers great inspiration for a long time. In 1882, the French perfumer Jean-François Houbigant created a modern perfume called "Fougère Royale" with aromatic, spicy, oakmossy notes adding synthetic coumarin for the first time in perfumery [2a-2c] . Nowadays, the French word "fougère" is commonly used in perfume composition. The fougère note refers to a basic scent of great interest for fine fragrances, cosmetics and soaps. In the perfume classification described by the French society of perfumers, fougère is one of the seven scent families contributing to the olfactory description of a fragrance [2d,2e] . However, few reports [1d, 3a-3f] Aerial parts of fresh ferns were analyzed for volatizable and volatile organic compounds. Seventy-seven components biosynthesized from the shikimic, lipidic and terpenic pathways were identified from the concentrated organic extracts of the six ferns (Table 1) .
Twenty-eight volatiles were identified for A. trichomanes subsp. trichomanes, with mostly polyketide compounds (87.5%) and minor aromatic compounds (8.2%), i.e., benzofuran with an aromatic note [4a] . High amounts of fatty acid derivatives (alcohols, aldehydes, acids) from C 7 to C 10 series, i.e., (E)-2-heptenal (green fatty note), nonanal, octanoic acid (fatty, soapy odor), (E)-2-decenal, (E)-2-decenol (waxy note), nonanoic acid (waxy dairy note), and decadienal isomers were found [4b-4d] . This fern volatile composition showed a likeness to the Adiantum capillus-veneris volatiles [1d]: lack of green odor C 6 -compounds, mainly heavy polyketides with plastic or fatty odor (decadienal isomers, (E)-2-decenal). The volatile pattern (twenty-nine volatiles) of G. dryopteris was dominated by a large number of isoprenoid derivatives (50.7%), i.e., ionone derivatives. The investigation indicated lower amounts of polyketides and aromatics (26.7% and 14,7%, respectively), as well as 1octen-3-ol (4.5%) and (E)-3-hexenoic acid (7.1%). The terpenic pathway produces either fragrant monoterpenes (α-terpineol, pinenes) or sesquiterpenes (β-caryophyllene, (E)-nerolidol), which give a pleasant scent [4f,4h] to the concerned fern, for example, Oreopteris limbosperma [1d] and Dryopteris filix-mas, while sesquiterpene glucosides, such as the illudane-type ptaquiloside may induce a carcinogenic effect, as in the case of P. aquilinum [6a-6b] . Glycosides of hemiterpenes, diterpenes, sesterpenes or triterpenes have been isolated from different ferns, as well as carotenoids [6c-6f], but are not accessible by GC-MS. Only ionone derivatives, produced after carotenoid degradation and widely found in six of the eleven studied ferns, were detectable by GC-MS.
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The complex volatile profile of P. aquilinum is based on twenty-nine volatiles, mainly polyketides (63%), as well as isoprenoids (20.2%) and aromatics (16.8%). Among the former group, 3,5-dihydroxy-2,3-dihydro-4-pyranone (10.1%), 1-octen-3-ol (9.8%), (E)-2-hexenoic acid (7.2%) and 5-hydroxymethylfurfural (5.5%) were the major components. 
Plant part and GC-MS analyses:
Aerial parts of fresh ferns were cubed and extracted with diethyl ether (Carlo Erba, 6 ppm BHT; Table 1 ). After maceration for one week at room temperature, the concentrated organic extracts were used for Gas Chromatography-Mass Spectrometry (GC-MS) analyses, as previously described [1d] . VOC were identified by comparison with National Institute of Standards and Technology Mass Spectral Library [7a], retention indices reported in the literature [7b] and our own data bank.
